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ABSTRACT 

The possibility of a collision of a Tracking and Data Relay Satellite System (TDRSS) satellite with another 
orbiting object is a matter of concern to NASA. One hypothesis being investigated is that by slightly altering the 
TDRSS satellite orbits with changes to eccentricity and argument of perigee (AOP), the number of possible 
conjunctions between the TDRSS ers and o&er satellites and debris ur.ould decrease. This paper presents 
fie results of analysis completed to hypothesis. 

INTRODUCTION 

More than 8,500 objects are currently being monitored as they orbit the Earth, Figure 1. The possibility of 
close approaches and possible collisions with other spacecraft and orbiting debris is a matter of concern for all space 
based missions. An Orbital Debris Colloquium held at Goddard Space Flight Center (GSFC) in March 2002 (Ref. 
1) re-focused attention on the Drobkm and the associated risks. 

Figure 1. t ighlighl :ed. 

The possibility of close approaches and collisions affecting the TDRSS is of interest to NASA. One 
hypothesis being investigated is that by slightly alt g the orbits with changes to eccentricity and argument of 
perigee of the TDRSS ffeet. the number of possible coniunctidns between the TDRSS fleet members and other 
satellites and debris will be decreased. This paper presents the results of an investigation done on the effects of 
increasing the eccentricities and changing the AOP of the TDRS OR the potential number of corjuncdons. Risk 
analysis was not the intent of this investigation and, thesefore, was not aitenipted. 



APPROACH 

The basic approach used for this analysis was repeated propagations of the orbits of the Tracking and Data 
Relay Satellite (TDRSs) and objects ihat are potential conjunctors for 6 weeks. The TDRS orbits were varied with 
each propagation. Each object, TDRSS and non-TDRSS, was considered to have a conjunction bubble of lOOkm 
radius, Figure 2. The number of conjunctions, where a conjunction is defined as a close approach such that the 
TDRS bubble intersected the bubble of another object, was counted and their closest approach distances tabulated. 
The propagation did not include maneuvers of the TDRSS fleet or other saiellites. The purpose of the study is to 
gain a measure of the conjunction possibility, and is not to predict specific conjunctions. 
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of the TDRSS fleet members. For the third scenario, AOP was varied over a range of values while maintaining the 
nominal eccentricity for each of the TDRSS fleet members. Table 1 summarizes the various eccentricity and .40P 
values used for each scenario for each of the TDRSS fleet members. 
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Table 1. Key TDRSS orbital parameter values for each of the scenarios considered. 
Xominal values are in bold. 

TDRS Scenario' Eccentricity' AOP 

I 
0,60, 150,l 80, 330 I 3 1  0.0006107 

3 I 2 I 0. and 0.0006107through 0.0016107 I 0 I 

1 2 I 0. and 0.0006609 through 0.0016609 0 

3 . 1  I 0.0006609 0,60, 180,220,310 

I I I 
I 1  I 0. and 0.0002737 through 0.0012737 261 I 

1 - Scenario 1 : &centricity varied with nominal AOP 
Scenario 2 Eccen~city varied with 0.0 degees AOP 
Scenario 3: Eccentricity nominal vjith vaned AOP, 

2 - step size of0.0002 used when varying eccentricity 

5 2 I 0. and 0.0001S61 through 0.001 1861 I 0 

3 0.0001861 0,73, 180,253,343 I 
6 2 I O.'and 0.0003676 through 0:0013676 1 0 

3 0.0003676 0,22, 112, 180,292 

' 1 I 0. and 0.00141051 through 0.00241051 

7 2 I 0. and 0.00141051 through 0.00241051 

198 

0 

8 2 

3 

I 1  

0 

0,50, 140, 180,230 

35 

I 
I 

0. and 0.0002887 through 0.0012887 

0.0002887 

0. and 0.0003796 through 0.0013796. 

10 

0,35, 125,180,215 

16 

I 3 0.0003796 

1 0. and 0.0003772 through 0.0013772 I 
2 0. and 0.000377? through 0.0013772 I 0 

3 1  0.0003772 I 0, 16, 106, 1 SO, I96 



RESULTS 

For each of the scenarios evaluated, data on the number of conjunctions experienced by each member of 
the TDRSS fleet were tabulated. This information is presented Throughout the remainder of this section. 

An additional study was conducted for TDRS-3 to more ihol-oughly c rize the relationship between 
changes in eccentricity and AOP on the number of conjunctions for that spacecr s study was prompted by the 
relatively large number of conjunctions observed for TDRS-3 when compared to the other members of the TDRSS 
fleet and the direct relationships identified between changes in orbital parameters and the resulting nuniber of 
conjunctions observed for this spacecraft. The reason for the large number of conjunctions for TDRS-3 is not 
known and was not investigated. 

Scenario 1: Varying Eccentricity with Nominal AOP 

The effects of varying the eccentricity over a range of values (Table 1) while maintaining the nominal AOP 
for each of the TDRSS fleet members are illustrated in Figure icons in Figure 3 indicate the 
nominal eccentricity for each TDRS. Generally speaking, independent of the size of the bubble used to evaluate the 
number of conjunctions (Tables 2 through IO), relatively few changes in the number of conjunctions occurs as the 
eccentricity is varied with nominal AOP. Changing the ecc&tricity for TDRS 3 appears to directly result in a 
decrease in the number of conjunctions. Changing the eccentriciry for TDRS 4,5, 8, and 10 has little to no effect on 
the number of conjunctions each of these TDRS would experience over the 6-week time span considered. TDRS 1 
shows a similar trend after increasing the eccentricity by at least .0008. In the cases of TDRS 6, 7 and 9, it appears 
that increasing the eccentricity will actually increase the number of possible conjunctions over the given time span. 

It should be noted that, for an orbit that is circular with a 42,300 km semi-major axis, changing the 
eccenrricity by . G G i ,  the largest increment used, produces a change in apogee and perigee of 42.3 krn. This is 
smaller than the conjunction bub3le-size that was used. 

Scenario 2: Varying Eccentricity with 0 Degree AOP 

The effects of varying the eccentricity over a range of values (Table I) while maintaining a 0 degree AOP 
for each of the TDRSS fleet members are illustrated in Figure 4. The unfilled plot icons in Figure 4 indicate the 
nominal eccentricity for .each TDRS. The trends identified when varying the, eccentricity with a nominal AOP in 
scenario 1 were also observed in this scenario and relatively few changes in h e  number of conjunctions occurs as 
the eccentricity is varied with 0 degree AOP. 

Scenario 3: Varying AOP with Nominal Eccentricity 

The effects of varying rhe AOP over a range of values (Table 1) while maintaining a nominal eccentricity 
for each of the TDRSS fleet members are illustrated Figure 5. The unfilled plot icons in Figure 5 indicate rhe 
nominal AOP for each TDRS. It is clear from the data thar changing the AOP has a more significant effect on the 
number of conjunctions experienced by the TDRSS fleet members than simply varying the eccenaicity. The data 
from the AOP study of TDRS 1 is inconclusive. It appears, however, that changing TDRS 4’s AOP to sornething 
closer to 80 degrees, as opposed to its nominal value of 261 degrees, would decsease conjunctions appreciably. The 
AOP data further suggest that TDRS 5’s and TDRS 6’s AOP are at the optimal values to avoid the most 
conjunctions. 
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Conjuncfions 

Supplemental TDRS-3 Study 

The relatively large number of conjunctions observed for TDRS-3 and TDRS-4 when compared to the 
other members of the TDRSS fleet prompted a supplemental study to more completely characterize &e effects of 
varying the orbital parameters of these spacecraft Secause changes in the eccentricity appear to have a direct 
impact on the number of conjunctions for TDRS-3, as observed in scenario 1, TDRS-3 was selected for fbrther 
study. 

The data appear to indicate that increasing the TDRS 3 orbital eccentricity would directly decrease the 
number of conjunctions. However, the rare at which the number of conjunctions decreases compared to the required 
increase in eccentricity may not be worthwhile. A surface plot (Figure 6), which compares the number of 
conjunctions predicted at various AOP/eccentricity combinations, was prepared for TDRS 3. T h s  plot clearly 
indicates that an AOP of 0 or 90 degrees would be favorable for lowering the number of possible conjunctions in the 
future and that an AOP of 135 degrees would not be an advisable position. 

C :ontricity 

Figure 6 .  TDRS-3 Supplemental Study - Number of Conjunctions Observed with Various 
AOP/Eccentricity Combinations 

COT\;CLUSION 

While changing the eccentricities of the TDRSS fleet members would have some effect, positive or 
n:gxTive, on <?e p=ss<~;cq of 2 collision *T;T.% z n o ~ e r  oj--i:mg objec; ‘u:e er:ect i v o u ~  be ixxniiiiai :or r x s t  i,L’RSs. 
Clianging the AOP of certain satellites, on the other hand, could have an appreciable and dramatic impact on the 
number of conjunctions. This is because changing the ROP rotztes the line of apsides so the TDRSs have 
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I conjunctions wiih a different set of orbiting objects even though the size of she orbit does not change signiiicantly 
with the eccentricity changes used in this analysis. 

These results are from a statistical analysis of a standard approach to conjunction reduction based on 
modest orbital eccentricity changes and changes to the AOP. They indicate that the benefits of this approach are 
minimal and that the conjunctions are better managed with orbital modifications on a case-by-case basis. 
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